Mathematical analysis is used to drive the Bit-Error Rate (BER) of active users in the system.
I. INTRODUCTION
Optical Code Division Multiple Access (OCDMA) systems have received remarkable research interests as they provide advantages such as, asynchronous access, bursty traffic and ability to provide service differentiation in optical networks [1] .
Many OCDMA techniques have been proposed to provide multiple rate by varying the code length [2] and multiple Quality of Service (QoS) by varying the weight of codewords for different services [3], [4] . OCDMA system varying both weight and length was developed to support multiple rate and QoS [5] .
Variable Weight OCDMA (VW-OCDMA) system based on Spectral Amplitude Coding (SAC) technique is considered as an appropriate solution for triple-play services, specially in metro networks [4] , [6] . In this system different weights are used for triple-play services which are video on demand, voice and data where higher weight is assigned to the service requiring for better QoS. Various VW-codes have been developed, such as Integer Lattice Optical Orthogonal Code (IL-OOC) [3], Vari able Weight OOC (VW-OOC) [7] , Multiple Weight Random Diagonal (MW-RD) [6] and Variable Weight Khazani Syed (VW-KS) [8] code.
Different detection techniques which were developed for single weight SAC-OCDMA systems namely Complementary Subtraction (CS), AND subtraction and Direct Decoding (DD) can be applied in VW-SAC system to extract the desired data. The performance of services applying various detection techniques is different and it is important to choose proper code weight to obtain desired Bit Error Rate (BER) for different services (e.g. maximum BER of 10-3 , 10-9 and 10-12 for voice, data and video, respectively).
In this paper, performance of a VW-OCDMA system de ploying different detection techniques is demonstrated using mathematical analysis. Subsequently, effect of choosing various weight sets for each detection scheme is illustrated. BER is used 978-1-4673-6075-3/13/$31.00 ©2013 IEEE to represent the performance of users by varying the number of active users in the system. VW-KS code is used in this analysis due to its ability to generate tolerable code length while maintaining maximum cross-correlation of one between different codewords [4] . Fig. 1 shows the architecture of a VW-OCDMA system. At the transmitter side, spectrum of a Broad-Band Source (BBS) is divided between different users using a splitter. A set of Fiber Bragg Gratings (FBGs) form the signature code with the desired weight (W) for the kth user. Binary data of each user is modulated using a Mach-Zehnder Modulator (MZM) which formed as Non-Return-to-Zero (NRZ) signal to the optical carrier. Modulated signals are then combined and transmitted over optical medium.
II. S YSTEM DESCRIPTION
Transmitter Re<eiver At the receiver side, one of the detection schemes is applied to extract users data. A series of fiber Bragg gratings (FBGs), filtered the desired signals. In the following, each detection scheme is described in detail and as well the mathematical approximation is presented.
III. MATHEMATICAL ANALYSIS
In this research the effects of Phase-Induced Intensity Noise (PUN), shot noise and thermal noise is taken into account and fiber impairments is not considered. The Signal to Noise Ratio (SNR) for a SAC-OCDMA system can be written as [9] , [8] .
(1)
Where IR is the photocurrent, Ishot denotes the shot noise, IpIIN represents the PUN and Ithermal is the thermal noise. !thermal is constant for all detection and can be defined as (2) Where B is half of the bit rate, Kb is Boltzmanns constant, Tn is received noise temperature and RL represents the receiver load resistor.
A. Complementary Subtraction
CS technique requires two PIN photodetectore and an electrical subtracter, which form a balanced receiver. The upper decoder retrieves all the wavelengths exists in the user's signature code, while the lower decoder is the complement of the upper decoder. The correlation properties of the kth user with code weight of W in upper and lower arm can be written as and
respectively. Where ck (i) is the ith element of the kth KS code sequence and N refers to the total code length. Suppose h and I 2 is the photocurrent at upper and lower photodetectors, respectively. The photocurrent IR, therefore, is given by
Where � represents the receiver responsitivity, and PST is the received power. The variance of shot noise in the photocurrent can be calculated as ( 2 ) 4eB1RPsr Wk
Power of PIIN can be written as Nv
B1RP;r L .
Hence, SNR of VW-KS OCDMA system deploying CS can be expressed as (It _ h) 2
RL
Using Gaussian approximation, the BER of users for a multiple weight system, is given by Pek = �erfc ( JS�R ) B. AND subtraction technique (9) Similar to CS, AND subtraction uses balanced detection to eliminate the effect of Multiple Access Interference (MAl). the upper decoder has the same structure as the encoder at the transmitter side, while the lower decoder recovers binary logical AND of desired and interfering codes (i.e. the interferer signal of other codes having overlapping chip with desired user). The correlation properties of the kth user with code weight of W in upper and lower arm can be expressed as N {Wk, k=l
Similar to CS, power of PIIN and shot detection can be calculated as C. Direct Decoding DD only retrieves the non-overlapping wavelengths, thus it uses one photodetector, which reduces the cost and complexity of receiver. Moreover, unlike CS and AND schemes PIIN is totally canceled. In this detection technique half of the weight assigned for a particular user is detected (W /2). Hence, the code properties for the KS code using this DD can be defined as N
�;:
The photocurrent of the desired users signal is therefore
The shot noise for DD scheme is given by
Nv Hence, SNR of VW-OCDMA using DD can be written as 
IV. RESULTS AND DISCUSSION
The parameters used in this analysis are adopted from [4] , [10] , [9] and listed in Table 1 . Using VW-KS code the minimum weights which can be used for three different QoS is 6, 4 and 2. It is possible to increase the weights for all users or just for a specific service to increase the overall system capacity or quality of that specific service. and
respectively. So, photocurrent IR can be defined as
The performance of system with three different weight sets, (11) (8, 6, 4) , (8, 6 , 2) and (6, 4, 2) is analyzed for different detection schemes. Figs. 2(a) to 2(c) give the probability of error against number of active users for the system employing CS, AND and DD, respectively. Increasing the weights for all services improves the overall performance of the system when the detection scheme is CS and AND. As shown in the Fig. 2(a) the capacity of system increases from 23 to 52 when the weight set of (8, 6, 4) is deployed instead of (6, 4, 2). By choosing weights of 8, 6 and 2 the capacity is almost same as (6, 4, 2) . It can be seen that in CS it is necessary to increase the lowest weight (i.e. weight 2) in order to increase the system capacity. Deploying AND, the number of supportable users in the system is 30, 25 and 22 using weights sets (8, 6, 4) , (8, 6 , 2) and (6, 4, 2), respectively. In case of deploying DD, increasing the weights, reduces the capacity of the system. This is due to the fact that by increasing the weights , Wk, the total code length, Nv is also increased which degrade the system performance by reducing the signal photocurrent (ldd). This reveals that impact of code length become more dominant than the code weight for system deploying DD.
Photocarrent of signal for system with CS and AND detec tion, (h -h), is also reduced by increase of the code length, however, on the other hand increment of code length reduces the PUN which enhances the system performance (SNR).
As shown in the Figure 2 ( c) the capacity of system is almost same for the case of (6, 4, 2) and (8, 6, 4) , which is 95. However, the weight set of (6, 4, 2) is much preferable due to the optimized code length and providing higher differentiation between services.
V. CONCLUSION
In this paper a mathematical model was presented to analyze the performance of a VW-OCMDA system deploying AND, CS and DD schemes. Three weight sets, (8, 6, 4) , (8, 6, 2) and (6, 4, 2) were used to investigate the performance of proposed system for triple-play services. It was shown that using detection techniques with balanced receiver (i.e. CS and AND) increasing the weight in the weight set improve the system capacity. On the other hand, system deploying DD, display even worse performance with increasing the weights for all services. However, although the capacity of DD system is not increasing by weigh of services, but the number of supportable system is still higher than the system deploying CS and AND using higher weight sets. 
